Review of Relevant Literature
The potential contributions of computer-mediated communication in the classroom mirror contributions realized in the business world. As Smith, Kim and Bernstein (1993) note, computer-mediated communication typically results in increased communication, particularly between individuals at different levels within a hierarchically structured organization. As the relationship between faculty and students represents this kind of structure, students should benefit from adoption of e-mail in the classroom. Increases in communication may be most pronounced when e-mail is used in large lecture classes, where the student-faculty hierarchical relationship is most likely to affect interaction. Further pedagogical benefits occur because of the increased student responsibility and autonomy facilitated by computermediated communication in the classroom (McComb, 1994) .
In addition to increased opportunities for communication, e-mail and computer conferencing offer students more chances to interact with each other as they complete assignments, and as Holden and Wedman (1994) report, these are the kinds of assignments that are likely to predominate in the future. Interaction via computer networks allows students a more real-world experience that contributes to an enhanced educational setting for students, thus contributing to faculty interest in incorporating computer-mediated communication into their classrooms (Hunter, 1990) . For example, studying a topic on one's own results in a certain amount of learning, but interacting with other students across campus, or even across the country, about that same topic leads to increased enthusiasm and to greater depth in the work output.
Other authors, such as Kemper (1991) note that distance education can be enhanced through computer-mediated communication. Students who are less likely to interact with other students in a collegial setting can benefit from the interaction possible via e-mail. Projects can be initiated and coordinated across the various branches of a campus or across several different campuses. On the other hand, students on remote or rural campuses may benefit from interaction with noted scholars through computer-mediated communication.
Connections with individuals in other parts of the world are also possible, thus lending an intercultural dimension to a class that might otherwise not be there (Bailey and Cotlar, 1994) .
The nature of the communication process itself and its relation to learning may come under scrutiny when students work with computermediated communication, according to Shedletsky (1993) . The ways in which individuals process information rarely is discussed in the classroom. As students accommodate their intellectual processes to this new medium of communication, they are more likely to reflect on how they gather and make sense of new information. This increased focus on process, in tum, contributes to the enhancement of models for critical inquiry.
While these authors describe many of the possible applications of computer-mediated communication in the field, they also note some of the issues that arise in making this a positive learning experience for students. Most importantly, the use of e-mail, conferencing, bulletin boards, Internet access and so on must be structured into a class in a purposeful, pedagogically-sound manner (Everett and Ahem, 1994) . Simply deciding to incorporate the technology without the appropriate educational context results in a confusing and potentially negative experience for students, who may perceive an exercise as ungrounded and therefore onerous. Yet, as Hawisher and Moran (1993) remind us, e-mail and other fonns of computer-mediated communication are increasingly important in the world around us, and thus it is critical that we investigate the best means of incorporating e-mail into the classroom.
Computer-mediated Communication Project: Description and Results
Consideration of the issues reviewed above led the authors to develop a quarter-long project designed to critically examine the issues raised in the literature regarding successful integration of computer-mediated communication into the classroom. To make the test relevant to the actual courses being already taught on campus, the authors invited faculty to submit proposals detailing proposed computer applications for their spring quarter classes. From the proposals submitted by faculty across campus, 13 classes were selected for inclusion in the project. These 13 classes enrolled more than 700 students in subjects ranging from math to music to management. Different class sizes were evident, as well, with the smallest seniorlevel seminars enrolling 20 students and the largest an introductory plant biology class enrolling 400 students.
The assignments utilized in the classes offered a wide variety, as well. A popular application was the development and operation of class listservs. In some cases, these served simply to provide another source of information to students, while in other cases, they were utilized as a means of supporting class discussions on complicated topics. A second application required that students use e-mail to download and print articles. Yet another application required students to utilize connections to the Internet, in order to gather information for assignments. More complex assignments required that students conduct all of their class activities, including group projects and paper editing, electronically.
A number of different kinds of data were collected to assess the success of the project pedagogically, in tenns of the three questions that guided definition of the project. Data were gathered from students through two means: a pre-and post-test questionnaire administered to all student participants and a series of focus groups that included two hundred selected students. The focus groups were meant to provide opportunities for the students to elaborate on their experiences with e-mail in the classroom.
The Student Experience
During the first class session in each of the thirteen classes, students were asked to complete a short questionnaire exploring their familiarity with, attitudes toward, and uses of e-mail. At the end of the quarter, students were asked to repeat the questionnaire, and respond Table 1 data, approximately 15 percent of these students were very familiar with e-mail before the project began. By the end of the project, this figure had more than doubled. In addition, while 20 percent of students were not at all familiar with e-mail at the start of the project, this figure dropped to fewer than 3 percent by the end. Table 2 provides a comparison of e-mail use before and after the project The primary use among those familiar with e-mail at the beginning of the quarter was communicating with other persons; by the end of the project, approximately the same number of students
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NOTE: Pretest totals in Table 3 do not add up to 100% because non-users were eliminated were continuing to use e-mail to keep in touch with others. The smallest pre-test use, at 10 percent communicating with other students in class, had risen by the end of the project to the highest use, at 58 percent. Large gains also were recorded for communicating with professors, which more than doubled, from 18 percent to 41 percent, and accessing the Internet, which went from 24 percent to 42 percent.
A gender difference emerged in these results, as well, with female students more likely to use e-mail to contact their professors or other students and male students more likely to access the Internet. This relationship held across different classes, thus making it less likely that this difference occurred as a function of a major, course focus, or discipline.
In Table 3 , information regarding frequency of use is presented. Prior to the project, 13 percent of students used e-mail very often and 11 percent used it not often at all. By the end of the project, the first figure had changed considerably, with 44 percent of students indicating they used e-mail very often. Ironically, those not using e-mail often at all also increased, to 16 percent. While this latter increase is small, it nonetheless suggests that not all students were pleased with the decision to incorporate e-mail into their classroom. In fact, some students reported being very disturbed that they were expected to master a new skill in a class titled something other than "Computers in .... ".
A more useful measurement appears in Table 4 , which presents a post-test measure of how much students felt their use of e-mail changed over the quarter. Only 5.5 percent of the students enrolled in TABLE4 these classes found that their e-mail use either decreased or decreased a lot. In combination with the above fmdings, this suggests that some students decreased their e-mail usage while other students failed to ever begin using e-mail. More importantly, 46.6 percent of the students either increased or increased a lot their use of e-mail. Comparing this to the data in Table 2 , it can be argued that the majority of this increase was in class assignments, as the same amount of communi-
eating with friends took place both before and after the demonstration project. Table 5 presents students' self-assessment of the amount their learning was enhanced from using e-mail in the classroom. Slightly more than 40 percent of students argued that their learning either increased or increased a lot, while 9. 7 percent of students believed that use of e-mail had contributed to some decrease in their learning. One of the factors contributing to the apparent decrease in learning was the large number of student participants enrolled in an introductory plant biology course, in which students were required to download articles for their e-mail assignments. A number of them reported that they were unable to accomplish this. Thus, when they completed examinations and other course work, they were unable to perform well.
From the questionnaire data and from the focus groups, a number of suggestions were gleaned from students regarding ways of improving student success in working with e-mail. First and foremost, students argued that they needed more and better instruction. In particular, students who were given infonnation on overheads fared the worst. Key points, such as the need to leave no spaces between a period and a letter in e-mail address and listserv subscriptions, failed to appear in the notes they took, with the result that some students experienced repeated frustration in subsequent futile attempts to accomplish their computer work. The students who were accompanied into a lab by their instructor fared the best. Somewhere between were those students who received infonnation in writing and those students who received instruction in a lab, but outside of class (that is, in a session taught by someone other than the course instructor).
Students also argued that they needed more overall training in computer and printer use. Some students felt a level of comfort with e-mail but experienced total frustration when required to download and print from their e-mail. Students also felt the need for more support in helping them subscribe to the listservs set up for their classes. Although the procedure appeared simple to the various instructors, from a student point of view, it was much more confusing. In sum, students wanted more specific, hands-on, detailed infonnation about e-mail, listservs, printers and other peripherals. This is an important point: most of the 13 instructors involved in this project initially overestimated their students • familiarity with and interest in using e-mail and computers, and thus underestimated the amount of support their students would need to complete their projects.
Although a small number of students argued that e-mail should not be used in future classes, the clear majority of students offered suggestions for ways in which e-mail could enhance their future class experiences. One problem that emerged early on concerned access to e-mail through both the university•s computer labs and through the telephone lines from off-campus. Some students thus argued for more access and more facilities; until access could be improved, they suggested that e-mail assignments in classes should be optional or for extra credit rather than a required part of the class. In order to optimize use, they also noted that it could be best used in small classes and that limits should be set on the length of time students were allowed to work on computers in the labs. From an instructional point of view, students spending time communicating with others at remote cam-67 puses enhanced overall familiarity with and interest in e-mail; from a student point of view, other students communicating with their friends were seen as wasting time on computers that could have been devoted to assignments.
After students had experienced the ease of communicating with their professors electronically, they imagined accessing other information, especially grades. Students also wanted to learn more about using the Internet and wanted the university to develop conferencing capabilities through e-mail. This latter suggestion reflected the difficulties students typically have in setting up group projects; with such conferencing capabilities, they felt they could work together without having to all be in the same physical space.
Finally, from extensive conversations in the focus groups regarding the appropriateness of offering e-mail applications in the various classes, a key point emerged. The majority of students perceived computer-related skills as an instructional topic best taught in computer classes. As one student noted, .. What do computers have to do with plant biology?" Going into this project, faculty assumed first that their students were ahead of them in adopting computer technology and thus would be eager to include computer-based assignments in their work. Second, they believed that students would perceive computer applications in a computers-across-the-curriculum kind of model. These data served to dispel a number of assumptions that faculty held. There appear to be a reasonably large number of computer-phobic students among the undergraduate population; they have not all grown up with video game and other technological skills that can be easily transferred to computer communications. Further, not all students perceive computer skills as an essential element in the educational process, nor do they understand fully the kinds of computer applications they will encounter in the workplace.
The Faculty Experience
The majority of the 13 faculty reported great success with their e-mail applications in the classroom. A number of conclusions emerged from their joint experiences, which will be explored later. Equally important are the problems that emerged in a few of the classes. Examination of these problems offers some further information regarding ways of enhancing e-mail applications in the classroom.
Some level of reluctance to get involved in the specific computer applications emerged in every class. This ranged from students expressing their frustration verbally, to students dragging their feet on the assignments, to students refusing to participate at all. In one large lecture class, some students were able to fmd friends or roommates with enough skill to download their assignments for them. In one of the senior seminars, which required that all the students' work be completed through e-mail, one student opted not to participate and suffered the grade consequences instead. No matter what the incentives or requirements placed around assignments by the faculty, a small number (usually somewhere between five and ten percent of students) did not get involved. One further point concerns the relationship between participation and whether assignments are required or not. As requirements increase, participation increases, as well. Despite the difficulties students had completing assignments due to limited access, their faculty concluded that it was important to require the computer assignments because this resulted in much higher participation and learning.
Students who attended classes that met daily were the least likely to use e-mail and listservs, while students who were enrolled in classes that met once or twice weekly were the most likely to use these technologies. For students who saw their instructors every day, or at least three days out of five, there was no incentive to make the effort to sign on to their e-mail accounts. If they had a question to ask, they could simply seek out the instructor before or after class. The only times students in these classes signed on was when there was some incentive or bonus for participation; even then, the number who took part typically was about half of the class. Students who attended classes that met less frequently were also less likely to see the instructor and thus utilized e-mail and listservs much more. The instructors in these classes were able to post reminders on their listservs and answer questions that occurred to students as they were reading over materials later in the week.
Recommendations on Using E-mail in the Classroom
While accepting the basic assmnption that the use of electronic communication can enhance the educational experience, this study also suggests the following ways to maximize the effectiveness of utilizing e-mail, listserv and Web resources: 1. Provide learning-friendly instructions; simplify and then simplify some more. Students are not necessarily familiar with the nuances of computer communication and thus may have difficulty grasping the exact nature of computer-mediated instructions. A corollary is to repeat instructions repeatedly. 2. Understand how students will experience computer-mediated communication. Faculty should be prepared to do anything that they ask their students to do. While personnel from computer support services or some similar group may be available for support and training, they should not be the sole source of information in the classroom. Instructors who can replicate student experiences will be better able to design classroom experiences that contribute to students' learning and liking. 3. Focus on the learning environment rather than the teaching envi-. ronment or on technology in and of itself. The technology may allow for different applications, but it is important that these applications make sense within the structure of a particular course and with the pedagogical framework of that course. Students may need connections made for them, and assignments need to be made relevant to the course content to underscore the value of the computer application to the learning objectives. 4. Make assignments that utilize the computer component to provide much needed experience. The more familiar students are with computer-mediated communication, the more likely they are to reap the benefits of it as a learning tool. 5. Maximize interpersonal experiences by supplementing listservs or other more formal group communication with opportunities for individual interactions with students. Similarly, the experience of communicating via computer should be enhanced by responding to student mail as quickly as possible. Importantly, computer-me-diated communication should not be a substitute for interpersonal contact. 6. Bear in mind the implication for integrating computer-mediated communication into the course: while learning for some students is likely to be greatly enhanced, a small number of students will resist. These students should be considered when planning a course. For example, alternative assignments could be completed.
The following supplementary considerations were offered by participants at the 1995 POD conference. 1. Large classes, in particular, may benefit from peer-group instruction as a means of providing hands-on training.
Research is beginning to demonstrate that students learn best in a computermediated environment when they are working in pairs. In this way, they can support each other as they work through difficult new situations. 8. Introduce computer-mediated communication gradually, moving from simple applications like e-mail to more complicated applications such as listservs and use groups, and finally to home pages and Web resources. Thus, enjoyment derived from increased use of technology through games and communication with friends and parents by e-mail is a useful starting point for many students and should be encouraged. 9. The on-line culture itself is worthy of consideration, particularly the quirky, sometimes complicated combination of informal interactions within a written medium. This may range from discussions of netiquette to consideration of the kinds of information processing issues that are involved in communicating through this medium.
Conclusions
While this research project did not utilize a control group and other factors may have contributed to the changes observed in the post test, the interviews with students in focus groups underscore the conclusions reached through analysis of the questionnaire data, suggesting that the class experiences with computer-mediated communication did contribute to these students' familiarity with and use of the technology.
Critical analysis of the 13 classroom experiences offered to students through this study of computer-mediated communication resulted in a number of important generalizations about student learning and use of technology. As familiarity with computer-mediated communication increased, the attitude toward it increased as well. Not surprisingly, as the attitude toward computer-mediated communication increased, the attitude toward the course where it was utilized increased as well. The opposite was also true, with a negative attitude toward e-mail, listserv, etc., corresponding to a negative attitude toward the class that incorporated the technology. Completing the set of relationships, it was found that a more positive attitude toward computer-mediated communication also led to greater use of it both inside and outside of class. The end result of the positive attitude and increased use was that more learning took place. As students got more involved in the various computer-mediated communication assignments in the 13 classes studied here, they gained both in attitude toward the technology and in overall learning from the class.
One last critical finding concerns the overall categories where use increased over the quarter. In every case, these uses were the assigned ones, rather than the individual uses students made of the technology. Thus, it would appear that the positive benefits which accrued to students from utilizing computer-mediated communication would not have occurred if the e-mail, listserv, network, Web resource and Internet assignments had not been made in the students' classes. This leads to the conclusion that the benefits of incorporating some sort of computer-mediated communication, within the limitations described above, are well worth it. The more students communicate electronically and the more they gain from their courses, the more they are becoming prepared to enter a world where computer-mediated communication is increasingly the norm.
Finally, students may resist these communication technologies and see them as less relevant to their majors and career foci than other skills such as writing. However, incorporating into classes interactivity that forces students to get on-line helps them begin using these technologies. Although the available technology may not have caught up to our teaching needs, it nonetheless has become vitally important in the business world. While access issues at a particular campus may suggest the need to offer computer-mediated communication as an option rather than a requirement, this study illustrates that the more opportunities students have to get on-line, the more they are going to become comfortable with computer-mediated communication.
